The Golden ratio which appears in the geometry of a variety of creations in Nature is found to arise right in the Bohr radius of the hydrogen atom due to the opposite charges of the electron and proton. The bond length of the hydrogen molecule is the diagonal of a square on the Bohr radius and hence also has two Golden sections, which form the cationic and anionic radii of hydrogen. It is shown here that these radii account quantitatively for the bond lengths of many hydrides when added to the atomic and Golden ratio based ionic radii of many other atoms.
Introduction
The covalent 1 Many observed bond lengths have been shown to be the sums of the covalent radii of the adjacent atoms 1, 2 . By using the appropriate covalent radii, it has been shown recently that the known inter-atomic distances in molecules like nucleic acids 3a,b , caffeine and related molecules 4 , amino acids 5 , graphene, benzene and methane 6 are all sums of the radii of the adjacent atoms.
For partially and completely ionic bonds, the atomic and ionic radii, as the case may be, are also additive, where the ions have the Golden ratio based radii 7, 8 . The latter ionic radii are described here after a brief introduction to the Golden ratio 9a-c φ and the Fibonacci numbers (where each term is the sum of the previous two) are closely related since the ratio of any Fibonacci number to its previous one oscillates around φ and finally tends to it when the numbers are large. φ itself forms a 'Golden Fibonacci series' which at the same time is also a geometric series 10 ,
The Golden ratio is also called the Divine ratio 9,11 since it appears in the geometry of a wide variety of Nature's spontaneous creations.
Any given distance AB can be divided into two Golden sections, AP and BP by locating P, the Golden point. In Fig. 1a , 9b the line BC = AB/2 is drawn perpendicular to AB and the points D and P are marked on AC and AB respectively such that BC = CD and AP = AD. In Fig. 1b , 9c AB is the radius of a circle (which circumscribes a pentagon and a hexagon and inscribes a square. AE = AB/2 and EF = (5 1/2 /2)AB. The point P is marked on AB such that EP = EF. The Golden point P here corresponds to the point D in 9c . Fig. 1c shows the pentagon, the pentagram and decagon, where the Golden ratio occurs extensively. All the details and the Golden ratios are given in the boxes to the right of the figures.
The Golden sections of the Bohr radius
The energy needed to ionize a hydrogen atom is the energy necessary to pull apart the oppositely charged proton and electron, p + and e -respectively, against their coulombic It is found 10 that the fine structure constant (α = λ CH /λ dB = r CH /a B = 1/137.036),
Compton wavelength (λ CH = 2πr CH ), relativity factor (γ), the contribution λ CHi (= φ2πr μ,H ) arising from the sum of the intrinsic radii of the electron and proton (r μ,H , calculated from the magnetic moment anomalies of the electron and proton), are all related as follows: 
The Golden sections of the inter-atomic distance in H 2
The inter-atomic distance in the simplest diatomic molecule, H 2 is the covalent bond From the data in Table 1 , it can be seen that since the radius of hydrogen in hydrides has different values depending on the type of the atom or ion with which it combines, the recent article 16 providing an average value of 0.31 Å for the covalent radius for hydrogen and similar averages for other atoms can be erroneous.
Additivity of the Golden ratio based ionic radii of alkali halides
On subtracting d(M+) of Eq. 14 from the known 14 (observed value = 2.82 Å, 14 ). The additivity of radii holds for all the alkali halides 7 . 
